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The incremental validity of repeated measurements of a short depression questionnaire was examined regarding the clinical
diagnosis of depression. Participants were 951 randomly selected women of around menopausal age. They completed the
Edinburgh Depression Scale (EDS) at two time points, with approximately 18 months in between. At the second time point,
they participated in a structured clinical interview for depression diagnosis based on the Research Diagnostic Criteria (RDC).
With repeated assessments, specificity and negative predictive value (NPV) did not change much relative to a single assessment,
with a specificity of 95.0% and a NPV of 91.7% at a cut-off score of 12 on the EDS. As expected, sensitivity dropped, from
87.9% to 58.8%. However, positive predictive value (PPV) increased from 42.0% to 49.1% at a cut-off of 12. When using a cut-
off score of 15 on the EDS, the PPV based on both EDS measurements reached 61.8%, yielding a 25-fold probability of being a
case for women scoring above 15 at both time points (OR= 24.54, 95% CI = 14.24–42.28). In conclusion, the 10-item EDS is a
reliable, valid and valuable screening instrument. When employed repeatedly, a more stable depression may be tapped, which
can be of substantial value for both epidemiological research and clinical practice.D 2004 Elsevier Ireland Ltd. All rights reserved.Keywords: Assessment; Depression; Incremental validity; Predictive validity
1. Introduction utes to depression placing a heavy financial burden onDepression is a widespread and often chronic
affective disorder (World Health Organization,
1998). In addition, a large proportion of depressed
individuals are not diagnosed as such, but they fre-
quently attend somatic health services, which contrib-0165-1781/$ - see front matter D 2004 Elsevier Ireland Ltd. All rights re
doi:10.1016/j.psychres.2004.05.017
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E-mail address: i.nyklicek@uvt.nl (I. Nyklı́ček).society (Lave et al., 1998; Panzarino, 1998). Depres-
sion is not only a powerful impediment to psycholog-
ical well-being, but evidence is accumulating that it is
an important risk factor for physical disease as well
(Penninx et al., 1999; Stoltz et al., 1999). For instance,
an increasing number of studies have shown that
depression is a predictor of all-cause mortality, and
also of more specific health problems, such as car-
diovascular disease, (auto-)immune disorders, low
bone mineral density and potentially even cancer
(Zonderman et al., 1989; Schweiger et al., 1994;served.
Fig. 1. Flow chart of the study.
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1998; Musselman et al., 1998; Penninx et al., 1998;
Pop et al., 1998). Given these associations, the issue
of depression has become progressively more impor-
tant in epidemiological studies on predictors of phys-
ical health outcomes (Glassman and Shapiro, 1998;
Musselman et al., 1998; Nyklı́ček et al., 2003). In
such studies, it is crucial to have a large number of
respondents to conduct analyses with sufficient power.
Given the time-consuming and costly nature of con-
ducting a psychiatric interview to assess the presence
of depression, most researchers feel obliged to turn to
questionnaires to assess depression or, rather, depres-
sive symptomatology as a proxy for depression (Mus-
selman et al., 1998; Penninx et al., 1998).
It is of utmost importance to scrutinize the rela-
tion between scores on questionnaires assessing
depressive symptomatology and clinical depression
diagnosis, as established on the basis of a diagnostic
interview. Several cross-sectional studies on this
topic have shown adequate validity of questionnaire
measures, indicating that a high score on such a self-
rating scale is the strongest predictor of the presence
of a depression diagnosis (Zich et al., 1990; Becht et
al., 2001). However, since repeated assessments of
depressive symptoms may predict depression better
than a single determination, it would be of substan-
tial relevance to establish the additional value of
multiple questionnaire assessments over a single
measurement. Moreover, knowing the predictive
power of multiple questionnaire assessments for the
presence of a depression diagnosis would be of
significance for epidemiological investigations using
depressive symptoms as predictors of health, as well
as for depression assessment in clinical practice
(Zich et al., 1990). Regarding the former issue, an
example showing the potential importance of repeat-
ed assessment of depressive symptoms is a recent
study in which it was demonstrated that while a
single measurement of a depressive state did not
predict risk for cancer, multiple measurements did
show an enhanced risk of future cancer development
in persons scoring consistently high on a measure of
depressive symptoms (Penninx et al., 1998).
Therefore, in the present study, the associations
were examined between repeated scores on a short
questionnaire assessing depressive symptomatology,
with on average an 18-month interval between themeasurements, and diagnosis of depression based on a
clinical interview.2. Methods
2.1. Respondents
Between September 1994 and October 1995 (T1),
all women born between 1941 and 1947 (N = 8503),
living in Eindhoven, The Netherlands, were invited to
take part in a large screening study on the prevalence
of osteoporosis in perimenopausal women: the Eind-
hoven Perimenopausal Osteoporosis Study (EPOS;
Smeets-Goevaers et al., 1998). A total of 6846
(81%) agreed to participate. Of these women, 950
women belonging to ethnic minorities were excluded
because of potential language problems. The remain-
ing 5896 women were asked to complete a set of
questionnaires, including a depression self-rating
scale, at home and to return it within 1 week.
Complete data were obtained from 4944 (83.8%).
This group did not differ in baseline characteristics
from the original study population. More detail re-
garding this group has been reported elsewhere
(Smeets-Goevaers et al., 1998; see the flow-chart in
Fig. 1).
Of the women who agreed to participate in the
screening, 1510 (22%) were randomly selected for a
follow-up 90-min interview at home, to assess the
presence of syndromal depression. Eighty-two per-
cent of this population (N = 1242) agreed to partici-
pate in this interview, which on average took place
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the assessment of clinical depression, participants
again completed the questionnaire assessing depres-
sive symptomatology. Incomplete data and not being
Dutch Caucasian resulted in the exclusion of 150 and
141 women, respectively. This resulted in a final
sample of 951 women with complete interview data.
Of these women, aged between 47 and 55 years, 78%
were married or living together, 12.5% were di-
vorced, 5.8% single and 3.3% widowed. Twenty-
one women were currently being treated for depres-




Depressive symptoms were assessed using a 10-
item self-rating scale initially called the Edinburgh
Postnatal Depression Scale (EPDS; Cox et al., 1987),
since the original purpose was to assess depressive
symptoms in postpartum women. The scale has also
been validated in non-childbearing women (Cox et al.,
1996), resulting in a new nomenclature: the Edin-
burgh Depression Scale (EDS). The Dutch version of
the EDS has been validated both in women during the
postpartum period (Pop et al., 1992) and recently in
menopausal women (Becht et al., 2001). Items are
scored on four-point rating scales. Total scores can
range between 0 and 30, with cut-off scores usually
between 11 and 13 (Cox et al., 1987; Harris et al.,
1989; Murray and Carothers, 1990).
2.2.2. Clinical depression
Clinical diagnosis of depression was made using
the structured diagnostic interview method according
to Research Diagnostic Criteria (RDC; Spitzer et al.,
1978). The interview was performed by health care
nurses, who received special 5-day training to perform
the diagnostic interview. These interviewers were
unaware of the results of the questionnaires.
2.3. Statistical analysis
Statistical analyses were performed using SPSS
software. The predictive power of the EDS (at T1,
T2, and at T1 and T2 taken together) with respect to the
presence of a major depression diagnosis at T2 wastested by computing sensitivity (the percentage of cases
correctly identified by the questionnaire), specificity
(the percentage of non-cases correctly identified), pos-
itive predictive value (PPV; the percentage of high
scorers on the EDS who were cases at interview) and
negative predictive value (NPV; the percentage of EDS
low scorers who indeed appeared to be non-cases at
interview). Since (i) the ideal sensitivity/specificity
balance varies with the different clinical and epidemi-
ological purposes; (ii) this balance varies across differ-
ent cut-off points; and (iii) in the literature no
agreement exists as to which cut-off score should be
used (Cox et al., 1987; Harris et al., 1989; Murray and
Carothers, 1990; Becht et al., 2001), for each time point
the EDS scores were dichotomized systematically
along cut-off points ranging from 11 to 15. For classi-
fication based on multiple time points, respondents that
scored consistently above or below the cut-off point
were compared with the rest of the sample.3. Results
The mean EDS score of the 956 interviewees with
complete data was 7.27 (S.D. = 6.04), which was not
different from the mean EDS score of the original
EPOS sample (also M = 7.27, S.D. = 6.04, t (5564) =
0.01, P >0.50). Depression was diagnosed in 21.8% of
the 956 interviewees with complete data, of whom
11.4% had minor depression and 10.4% had major
depression. When using the frequently applied cut-off
point of 12 on the EDS (Cox et al., 1996), 22.2% of
the respondents could be regarded as being depressed
at the same time (T2). At T1, using the same cut-off
score, 23.3% of the 5566 respondents were rated as
being depressed. Respondents who indicated having
ever been treated for depression (N = 287) had sub-
stantially higher EDS scores at both T1 (M = 10.71,
S.D. = 6.55) and T2 (M = 11.14, S.D. = 6.65) than
never-treated participants (M = 5.51, S.D. = 5.03 and
M = 6.04, S.D. = 4.87, respectively) (t >12.0,
P < 0.001). In addition, 66 individuals (23.0%) who
had ever been treated for depression received a
diagnosis of major depression at the present interview,
compared with only 33 (4.9%) of the never-treated
women (v2 = 70.59, P < 0.001). These figures did not
change substantially when the 21 women treated at
present were excluded from the analyses. The corre-
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r = 0.65 (P < 0.001), indicating a reasonably high
stability of depressive symptoms across an approxi-
mately 18-month period.
The sensitivity, specificity, PPV and NPV of the
EDS depression classifications at T1, T2, and both T1
and T2 taken together, with respect to the RDC
diagnosis of major depression can be viewed in Table
1. All j values, as a measure of association, were
highly significant (P < 0.001); the lowest j was found
for cut-off point 11 at T1 (0.278, t = 9.57, P < 0.001), at
T2 the lowest j was 0.429 (t = 15.23, P < 0.001), and
for the analyses based on both time points combined,
the lowest jwas 0.451 (t = 13.74, P < 0.001). As can be
seen, the coefficients of the EDS scores at T2 are higher
than those at T1, with sensitivity at T2 ranging from
72.7% at the cut-off point of 15 to 89.9% at the cut-off
point of 11, specificity ranging between 87.0% (11)
and 95.9% (15), PPV ranging from 36.0% (11) to
55.8% (15), and NPV between 87.0% (15) and
92.2% (11). All values were substantially lower at
T1, compared with T2, specificity and NPV only
slightly, but sensitivity and PPV substantially. Sensi-
tivity had values between 53.6% at a cut-off of 15 and
67.0% (cut-off 11), while PPV ranged from 27.4% (at
cut-off 11) to 39.4% (cut-off 15).
Classification based upon EDS scores at both T1
and T2 slightly improved the specificity and NPV, and
moderately PPV, but sensitivity dropped substantially
to a level below that found at T1. The percentages of
specificity were approximately 2–5 points higher
(reaching 98.0% at cut-off 15), while PPV increased
by some 6–8 points, reaching 61.8% at cut-off 15. This
means that approximately 6 out of 10 persons scoring at
least 15 on the EDS on both occasions would be
classified as having major depression according to
the RDC. These women had a 25-fold risk of being
diagnosed with major depression, compared withTable 1
Validity of the Edinburgh Depression Scale at T1, T2, and at T1 and T2
Sensitivity (%) Specificity (%)
Cut-off T1 T2 T12 T1 T2 T1
11 67.0 89.9 64.9 82.0 87.0 92
12 61.9 87.9 58.8 85.3 90.2 95
13 59.8 83.8 55.7 88.5 92.4 96
14 58.8 78.8 54.6 90.7 94.9 97
15 53.6 72.7 48.5 93.4 95.9 98women not scoring at least 15 on both occasions (odds
ratio = 24.54, 95% CI = 14.24–42.28).4. Discussion
When using the widely used cut-off score of 12 on
the EDS, between 22.2% (T1) and 26.5% (T3) of the
respondents may be regarded as being depressed in
our sample of women around menopausal age. This
corresponds closely to outcomes obtained earlier in
non-childbearing women, using the EDS (27.2%; Cox
et al., 1996), and in middle-aged women, using the
Center for Epidemiologic Studies Depression Scale
(CES-D; Radloff, 1977): 26% (Kaufert et al., 1992).
Furthermore, the percentages found are somewhat
higher than the percentage of women who were
diagnosed as having either minor or major depression,
according to the RDC in the present study (21.8%). In
addition, major depression was diagnosed in 10.4% of
the respondents, which is very similar to the rate of
11.3% cases of diagnosed depression in a recent large
Dutch epidemiological study (NEMESIS, N = 7076;
Bijl et al., 1997), in which the CIDI was used for
assessing depression.
According to Table 1 and as reported earlier (Becht
et al., 2001), the EDS appropriately detects major
depression, as assessed by the RDC, with sensitivities
ranging from 72.7% to 89.9%, depending on the cut-
off criterion. The PPVs are lower, but still substantial:
between 36% (at cut-off 11) and 55.8% (at cut-off 15).
The specificity and NPV are quite high (high eighties
to lower nineties). Although PPV values were ade-
quate, in order to examine possible concomitants of
classification error rates, false positives (those having
high EDS scores at T2, but a negative interview result)
and women correctly classified as depressed were
compared on a number of characteristics, such astogether (T12)
PPV (%) NPV (%)
2 T1 T2 T12 T1 T2 T12
.2 27.4 36.0 43.8 86.9 92.2 92.8
.0 29.1 42.0 49.1 86.3 90.5 91.7
.2 32.4 46.4 52.4 86.2 89.3 90.6
.3 35.2 52.7 58.9 86.2 88.1 89.9
.0 39.4 55.8 61.8 85.3 87.0 88.8
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T1. No significant differences between these groups
were found, except for a tendency for the high-EDS-
only women to be post-menopausal (P= 0.073). This
may suggest that a part of the elevated EDS scores may
be a consequence of post-menopausal status rather
than of depression per se. However, since the EDS
does not contain items reflecting physical symptoms,
this explanation does not seem very likely. Together
with the fact that this effect was only marginally
significant, and may therefore be due to chance, it is
concluded that no determinants of the present reason-
ably low misclassification rates have been identified.
When scores on the EDS obtained approximately
18 months before the interview are used, sensitivity
is substantially lower compared with scores obtained
at the same time as the diagnostic interview. This
finding is obtained despite the fairly high correlation
between the scores on the EDS at both time points
(0.65), which indicates a reasonable overall stability
of EDS scores over this period. These at first sight
seemingly contradictory findings are in accordance
with studies showing that measures of negative affect
have both a strong stable component, as well as a
smaller, but substantial component that is subject to
environmental influences (Ormel and Schaufeli,
1991). Finally, the PPVs at T1 are clearly lower
than the PPVs obtained at T2, but they still reflect a
moderate predictive power of the EDS regarding
RDC diagnosis of depression approximately 18
months later (up to 39.4% at cut-off score 15).
The main purpose of the present study, however,
was to examine to what extent repeated high EDS
scores would tap a stable aspect of depression and
therefore be a better predictor of a depression diag-
nosis. Specificity and NPV improved only slightly,
while sensitivity dropped substantially, to a level
lower than that based on the first measurement, 18
months before the interview. This means that the
probability that a case will score high on both
depressive symptoms measurement occasions is sub-
stantially lower than the probability of having ele-
vated scores at a single measurement performed
simultaneously with the interview. This is not sur-
prising, given the strong probability that a part of the
major depressives developed the condition between
the two measurements. However, PPV, which is the
most relevant measure when predictive power isconcerned, was enhanced by some 6–8 points,
reaching 61.8% at the cut-off score 15. This means
that 6 out of 10 women scoring 15 or more on the
EDS on both occasions were diagnosed as having
major depression (for both minor and major depres-
sion together, this figure would be 82.9%, an in-
crease of 6.2), a 53-fold risk compared with women
who scored below 15 on both occasions.
These results indicate good psychometric prop-
erties of the EDS in the present population of
women around the menopause. Moreover, these
results show a clear additional value of repeated
measurements of the EDS with respect to the
prediction of the presence of major depression.
For epidemiological research purposes, these results
imply that the EDS can be used as a proxy for the
presence of a depressive state. In addition, when
this scale is applied two times with approximately
18 months between the measurements, the reason-
able PPV of about 60% (at cut-off points 14 and
15) suggests that in this way the EDS may even
tap an important part of a more stable, chronic,
depression (Penninx et al., 1998). This would be
ideal for epidemiological research into, for instance,
enhanced risk for diseases such as cardiovascular
disease or cancer. Interestingly, as discussed in
Section 1, in a recent study the additional predic-
tive value of multiple measurements of depressive
symptoms over a single assessment has been clear-
ly demonstrated regarding future cancer develop-
ment (Penninx et al., 1998).
For clinicians too, these results may be of rele-
vance, especially clinicians working in primary health
care. Given the facts that (a) costs of health care
services have become a heavy burden for Western
societies (Feldman, 2000); (b) clinicians have less
time to spend on a patient; and (c) increasing numbers
of patients visit primary health care centers with
vague symptoms (Holder-Perkins et al., 2000), a fast,
cost-effective first screening for depression would be
a welcome aid.
We may conclude that the EDS is a reliable,
valid, and valuable instrument for both epidemiolo-
gical screening studies, especially in the case of
repeated administration, and in clinical practice as
a first screening on which basis a decision can be
made for a further, more costly and time-consuming
evaluation.
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